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Publication Title: 

ORGANIC ELECTROLUMINESCENT DEVICE 



Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent device 
that is improved in luminous efficacy, while maintaining color purity and is 
improved in durability. 

SOLUTION: The organic electroluminescent device includes, on a first electrode 
formed on a base, a thin-film layer which includes a hole transport layer and a 
luminescent layer made of at least an organic compound, a second electrode 
formed on the thin-film layer; and the half width of a fluorescence spectrum in a 
dilute solution of a luminescent material used in the luminescent layer is not more 
than 50 nm, and an optical path length d; ranging from a hole transport 
layer/luminescent layer interface of the thin-film payer to the electrode on the 
luminescent layer is &lambda /8<=d<=3&lambda /8 (&lambda : luminescence 
peak wavelength). 
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imzm ] ss±fc, wen n&L^w&m&w,- 

8SdS3A/8 (A : ft3fct"-?ifcR) ^SbS .1 1 £ 

«ffik, a?— t comzmftztiti . iE?Liii*s, m 

^fljilif fc±tP>=5:< k**M^«^3r-?>ftftJIS: 
^OfSJlii*^§^*^m^^^tcfcv^-C. ft 

SB3teJBkJB-«ffi<?5ia*=*^r s mas*/**** 

/4 (y : fE3t«-C±t**«hft) T**ii:fc1«tfc 
^•g>*881t#ft3fc§i§S. 

s-c* o , **o«riass~«ffitt2 o%a±coRmm^ 
■tzztumb-tz m%m 1 4 fc« 2 iBtt«o#«*# 

ft*§£«. 

/hi: * h z t *im t -ttnxm iifci±2 

[0001] 
[0002] 

[flg*<0««] ««±C»flESixfcJB-«ffi (IBS) *» 

[0003] ^«#S^«jW«»Ktef63le-r 4 z t 
it. 3^7;tt<0C W. TangiifciotW)^ 
JW;(Appl. Phys. Lett. 51 (12) 
2L p. 913. 1987). a?-/ fftcomipLt: 



±i,ziEiimm^^JT swk^t. S6#flrc*9, 

->7A. ^-L-Cttffii: LTMg : Ag£Jlftt&tt7tt>«9 
T'*> >5\ 10 VSK^IgffijIiffT- 1 0 0 0 * >t 7/^ 

ftft££Sii. S*WK«3^-y^tttf5««S:«ttLT*J 

USSAW.&S/f it £ LT V i£ . if JJgJf 

[0004] *tS«#^^B{=*5{tSKIIA<59-c>t 

£ < 3r h . fHHtfiiHJBAtt 1 i l«*> 0 < . ft 

«m»*<ate«*mtf>K&fc J: ~> T jfcJteSM* £ flLt § •£ 
T # fc*», fett*#SS < Srfcj&'Oftft^cOigv ^ftfttt 

[0005] 

mwtfmmL±5ti-&wM] *%.wu. &&&&& 

[0006] 

%Mizm^ bh&?&ffl®<7)jm®mwzt3 »&<mtx 

^il^iEfLlijMJi/'ft^^S*- ^ft^JilltS) § ss 
^T'OjKK^d^ A/8SdS3A/8 (A : ftftt? 

[0007] 

i%*R<r>mm<mm.\ ot. *ft^j:i.*««-5fft3K 

[0008] *»<b^!»j*fbWfc:fflv^#««jWl3t 

^sr«i. 3K<oixoajLSMs (ft^*) awKjet 

coft^gl5^A^ia^m-Sffiffl/vKtti$n^3tt. JBZ. 
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«ww-**fm», mms. ■ mwm,z£~>x$tittz>. 
tjmt. ¥tm>mzM*-t § mm t l x ie?us«ms/ 
h. 

[0009] fmzx zftcom d ta L^tmmcomm 
Ed, m-mmzx-oxsmztL&ytcommzEr. it 
* t-^bw sr l . m-mmcr>m^Rmm Zr ( 0 < r s 

(4m+l) ^/2S4^d/AS 
(m=0 , 1,2, •■•) 

[00 11] CCT'nLS-3l£S&*d-caL?t. IE5ltC(i 
d = Zd i = Zn i L i -CS)-S. -t^*>jEfL^iMil/% 

[0012] R»3K<03MEtt*Kft*"e««-t« t Ltz 

mmuimmtimK^hiz-otLxm^comimm^- 
tzt tf>f&htix^& . ^/sKJS^n^jjt'BfMoma 
*art-Jt*tc^^«H»«E* t ii5<=sr») . mmizmuz 

8fflMBE£{K<«%. ^3SS^§5 
iMtv^WWfefHi, at ( 2 ) WlifcBfcMtiefciarSa* 

m = 0 COST'S) 9. u«t#A/8SdS3A/ 
8**#£>il.S>. ^^(3»^L<(i:3A/l 6SdS5A 
/16TftO. *<>#*U*7D«d = A/4-C*4. 

[0013] ic7)^s&^d{i. jEfmmm/KftiB&w 
izwmftttLx^h^&x'h&tf^ w&co*. o 

^f'J7^5 >-^tc «£ or tt553W»ttjE?LIIBIiJi/» 

m&ftw&x'&Wix^&m&i>&'). zcoms. 
[0014] zzx-mMm^iumm/Wimzm 

frbfti^t / ZLXxnm3&®(OftmX°t>r>XLi£&, % 

%Mttii>th>msim (m-mmRW) 4T'^>3ts§#d reaI 

^rtgPT'fc CI -a T ^ S t cr>X'$> h fctf>, x{4 0 ^ x g y 

(y : ftXMX'tkt&img:) X'*>&. 

[0 0 15] J:oTd real *»JBiaSJK*ai*-&*ftfc* 
6, t"*;M>d rea i = A/4 d-x = 

A /4 X'#)Z>&Wfffo h . »9> £ d {i x tfOffidJE t T A 
/4Sd5y+ ( A/4) OffifflrtCDteS: fc £^#$> 

[0016] *fc«3teiftftA<i. «3te-^jft«-cft« 



1 ) , »JRJB4«<0JB*f n , fBjfcjftft Sr Atfc<t. 

mmtrnx-h o . %.myt<?)imizx-rti& t um 

[00 10] 

I = I Ed+E r | 2 

= I E-rEcos (4^nL/A) | 2 

= EM 1-rc os (4snL/A) ) * (1) 

Zcr>rtfrt>^®fttf'J>-%< t i^<9S63I8fift£iitf>$rU 



(4m+3) w/2 



(2) 



[0017] ±3e0=F&&tm.* ■hh-^wm-^.mz 
i. ->x¥m*&m£mmz-t&i>cr>x$><o . *<oBwiitt 

S^f»tm— 3£fcj£v>.r t#M4 L 

^rxii^e^m^^mz^tbtz o as**: 9 -r* c t e 
mtMizg-fr-zti*^. ttzx^f hiv&mmmzx 

->xmtVXLi\K &&mZ&^Zi:tfX'Z%\ l \ 
[0018] jL-iX^WmMkttltoiz-t&fzMzlZ^ X 

Yiv^mmii^h^ztt^nbhfih. mkmz 
it. ftxMizm^tiitmo^ ftntizwffimth 

0 n m&TX'fo i!t*«flPiU\ $ h \,zz<nx^9 V 
jvtfi^-th YZ—7tfM.—X'foh<r)tm& Lvv m— t- 

v—rmmizwmztLh ^r=5r < . ffi^t-^ 

[0019] *f6^-CJ±e»Ki: LTt±, C I E-feJft^ 
Stfc^T. #fef63fcT'J4xS0. 60#>OyS0. 4 
0, *ife563fC(ixS0. 33*'OyiO. 58,#fe 
MtlixSO. 20 3A>-5yS0. 25?*Jit*< 

[0020] wtizmstsmtittftbiii. vtmzm 
mthttmn o -> x . **ffl»n^c±K« 

/UfetBT* tzli?x htfmco o % 
ftzft£3im-tZ>Jl<7)ft®X2b Y ) . HRWfctty^hWH 

[002 1 ] *^BJ(cfc(t.5.#fi?§?Si:«±» 
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tim-mmzw\.\ mzmfe2ti&i>cox'it%^&. 1 
mmoi/iHTtw;w>wu\ mmt z&mm 
mcomwmmL. Vivm^z-^mco^m 

[0022] m-wmtmz.mmmT^ftcotzMz 

%zwo&i-tzMz>j?%< t i>-^imwTh&zbtf 

i,t.^T'(±^v\ m-mM&Wsmttc&m-&i l ziz, zti 
iz&^mizjEummm-bK m-mmtfmmt&z.iii'&iz 
u^iz 0 ziriz&\,^<,zz3im7%mfr'mwzti& . 
(0023] mwnmttnt lx . Mfotmzi^ mt 
®. mt-iy^j*. mm-i> ; j*7& ( ito> %t' 
comnv£&mmm. $>&wz. ±. ^oA&k-co 
s^irn. ^mtcb<r>mmmn&wiM. #<jj- 

:*7x>\ *ryb'o-;K #>JT-V >tcb'cr>mnit# 
V-ztct'mzm&ZtL&^X'^fiK I TOtfyX*? 

mmTco3miz-\-ft%m%itf®f&Tntitf£ ^x-m 
fezft%^t>K m?nm9mx<r>M£frMiffim.x'h 
&zt ttrnt l\k mns3 0 0 Q/narco 1 tos 
mx-htum^nmb txmm-t&tf. atwii oq 

U\ I TO<OJi:»l4ffitn:«fc:-&iyfrTffiBfc:atis*3& t 
T'#-S*^ ilSl 0 0-3 0 0 nmcr>mxm^t?tl&Z 

ttf&\.\ iToiMMii m^-^mmm. x 
y?m. it¥%.mm%£mzmmz%vr& to 

[0024] -*a«T4MtBi. T8H=»»£ZW3r 

ISiU 1 ) KitJV^ffiOajLffemKi =E* { 1-r 
cos (4^nL/A) } 2 Kl^r^'AS 

UltTfoh ;t*tff4L<. 4 0 %J2UiT*iUP3ri5jff 

^T. a^«ffli!l*»feAStU3t*«!0jER«*«:ifrf. A 

ti&fe, IS. SfL #L t;U5-^a. -fyy>) 
A&ifO&Jg, ^^«;il^«0^JSi: y^->A. -fhy 
^A, ^'J^A, ^(/l-yW, V^v-^A^rif^ffift 

[00 25] «ffitf>fBKi£U:. ffifiaraf*3£H^r, «rf b' 



«ft«*ffifc t> J: h i%mmmi o . 5 n m / s uil 

t . jfiBOT*<0K3L«tt5 x l 0"> P afcTF 
X'fohZbtfftZL^. 

[0026] ^^Miiv-f^'fM^x. mriv 

-ICMZ-t-mcm&Wfotl&XWX', 0. 5mmliliiJ> 

confab -f * ya^&v yfrtf j; v voTi&T/i'tf y *7Xco 
** { *Fi L V>#>* „ S i 0 2 & t*w n' U T a - h SrSS Ltz 

v-y?4 j^tfyxhitii&ztix^&vx'Z.tizmiX' 
[0027] mmmco&s&m&i. temmmm. m-? 
rw&b'tfmfbix. mzm^ixhhcox'&^-hK 

iMHi. AFP t'- A^if A^ftffit'if 2 

U\ 

[0028] ftffiimittX h#W>*Th . ^X 

\>\ ttz. yxbmiii*Ahttmco±mz-&&tix^ 
xi>. ®ttmz-££ixx^xt>, ^-ffx.xh-oxhx 

[0029] sEfUHSmmt LXli. m^Sr-^i. hixtz 

m&mizt6 v >tiEffi*^£0iE?L^s6^ < mm-t h z t 
i. zoxo&zkftzffifc-tm'MbLx, mzvmzti 

SkWJi&V"^, TPD, m-MTDATA. a-N 

P DtcEcn h 'J 7x^7 5 >mmik. t'x*r>w<*/V 
k'OgtfBWIE?lll2l*m t ftffl-C * * . - it ^ <50IE7L^( 

mmtmm&tx&m lx tmt>^\ 
[0030] #B£*mji. Afrmziz. nasfrkf&tii* 

bLXtoktlX^fcT>h7-£>*?VU>%b'<7)m&m 

mmtk. hux (8-*;>jS7h) t^5-»>a^4s 

k* cr> t'x x f - y ;H^^ft , fh77i-;Wyiyi 

oby^viss*. ^(jy^Mf*. ^n^yi 
**WTY-)vmmte. f-r^'rvob-y 
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[0031] mmmzmm-tz K-^-y b&m&mz 
^'^^ ^u>-&fc*oj&&gif8Ss#:. ^H-?y Ky 

7x/^tVy6 6 0. DCM1, ^ij/y, 

^y^^ tro^fy (yrtJM yr-fey) SPl 

[0032] #3HH»i. f63t«*K»JBL/S«»arJKJ» 

aisles , J: o if & l v z^-t^ftim 
i^4;tms. ss??<i^jE7Liijiyi/5i3^yi 

#ffi*^m~m«i*TWJKJ5*«5 0—1 00 nmHlt 

( i ) mmj&mcotmn<,z£z>mmmi£co± 

( 2 ) «R<0»3tfe!pA>**«3iaia*C*J^T«. 

k wmE^*iB^ii* i ^-ri.^co^^*^ bait 
tfbh. mmtm^z t x\ ±.mnx o tti 

4 fc^d*ft^tf t>tl& Y-¥y?X'm\^hti&<km 
v-^Atl^Jtr^U^JS^. #/t-y 

[0033] m=?mm&ttmt ixn. mm^^m^ 
z$)m& < mm-r hzb tf&mx\ m^rnxmrntfrn 

m&*$<. z btz&j&mzmi.. v? -vVbtchTM 
wmma iT/mmmzft£.uz< ^mnx-h&z t 
tm$zti& . z<n j o %2ktt&ffitc-fm'gb tx . h 

(8-*S>J Syh) T/US-^MztfrnZtlZ* 

svs-Mmtt&miMk. ho^oy^», yy 
tfy-zi^jgrn. ^yuvHift, ^'jyyiift. 

r^yytssw. t***f-y>n8aKfc. b^yy 

»i=srv^. ztib<7)n^mtmi<mx'i>m^t>ti& 

[0034] &±<?)iEnMmm, %dtm. m=mwnz 
m^bix&tfmiiMmx'&mzBffrtz zbwx-z h 
tK Mfrmmmt LT'i?yig-ftt-^, *°y#-*'* 

-K '-Kyx-fUy. rf?y (N-b*— y^y^NV- 



U—K ^yxxfvK *f'J^7*y, dfj7i-l/ 

X, B»tfx;K ABSfl, sKy>U^y»l»S:ir<o 
«0W»T»ttfflffi*5\ 7i/-«. ^lryttHL 5 
tflttfllK jLijrfflK, .x^SyMflS. ^ggft^yx^x 
/USA*. T/WfFMPL x^^ffi|g s v-'jn-ygfflg 

[0035] W±<otmn. fflk<M&(&frt>%&y/i' 
qfeiziimm-tz z b #*-e# , M-eftfiicouti 

S: fa _h§ it & Z b WX* £ h . * «fe«?5f6Jl£«Sa#J K 
ifLT, ^tf&mtfi] y-J<y>xifiHZ&>K>-&^fi l bil 

[0036] «ftjtffi»K*«o . ivxrx'hm^^ 

sWR/hi: *6 J: o izMM-f&Z b U*. 
[0037] 

[0 0 38] HM0IJ1-3. it«CTl~3 
^N*.y ^y y^fetcj: y I TOgBMi^ 1 2 0 nm 
Jt»$-^Jt^7^^KS-3 8X4 6mm^-ej»rL/tf*. 

5- t/p* y ft^av i o ^-igiBfFtt%» lt frh . ma 

ftnjfgzmw 5xio-«p a are** 4 -esfM . 
tsmmmizz^x, t-nEnMmmtLXN, n- 

-y'- 1 -<i)V) -N, N ' -x7i- 

/P-^y^'^'y (NPD) J60 nmlfL 
iiiU^hMl, 3, 5, 7. 8-^y^^f- 
)V-A, 4-y'7;WD-4-*7-3a, 4a-y7 
f-sH ym (PM54 6) b*fc^YM¥AYVZ. 
(8-*y v75h) 7;R-7A (A 1 q 3 ) 

x o . 3m&%b Lfz. mzwrmmb tx, Tmz 
^•?&mmxA i q 3 £iuf LJt. m-mmm-?*?* 

y^Aco^C$^,LT K-by^U^, 
TyP5x»7ASr 1 5 0 nmlfltiit L/C. 

[0039] «3fetc±fc3a^S*6#*mi±y* W« 
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X'h £> P M 5 4 6 X'h *) , <T <9W£f<D#S f-^^yU 
ATS P (DMF ) iSM+^Sbtx^? h;WAtr-?jft 
*5 24nm, ¥ffii|g4 Onmtjoft. 

{4£Btt°-?jjfcg: 5 17 nmftjgCiH v£ 3 3. 3 %f 

%.mm<7)wmzi±ftytxm\ru - 3 410(0 

ToaBj«ftt^r«aEByi^3itrASMS6* Txmt 

mmx-$>hA 1 ci^m^mmi . ix-h->tz. miff 
m<onmziz. ^^75 -yv^a 7xm&±.iz 

BALK A 1 q 3 0#@M5-fflv\ SfflBfcfcSSMI < A 

f m ) rffiyisr *> t^aug l . mtx. <j v 



[0 04 1 ] C<Oiafe:LrfBRLfc«**^4 0m 
A/cm' <0«SS«jKrf6JC 3 fc w 6 . T^co <t 3 

( 0 . 1 2 5 A ) ^f>3A/8 
( 0 . 3 7 5 A ) c^$eglfiT'?Bfc$»#S< . A/4 
( 0 . 2 5 A ) ftifi^ftfcaajp**^**. SBfcJIJU? 
2 5 nmSrSi.5rV^HT'0. 2 5 A X Y )W-< X tMfe 
$rv>SMM£:*Ufc. fgftx^.? WW4^$£iMJI2 5~ 
7 5 nm<A^tNiVv$*iii*(Ifc£fWi$r< . fe^ii 
(0. 26, 0. 66) Srftot^Jt. 
[0 04 2] 
[*1 1 





(nni) 


(A =517nm) 


(cd/A) 




0 


0 . 0 8 A 


1 . 2 


JIM l 


2 5 


0 . 1 6 A 


4 . 4 


mmm 2 


5 0 


0 . 2 5 A 


6 . 6 


Hifi«y3 


7 5 


0 . 3 5 A 
(0. 25A + 24nm) 


6 . 4 


Jt«0U 2 


1 0 0 


0 . 4 1 A 


2 . 6 


JtRffl 3 


1 2 5 


0 . 4 9 A 


1.2 ! 



[0043] Jt«ffl4 
$t%MtLXA 1 q 3 <*»DMF*ffi*<?5SfcfcX'*$' 
b)V : t°-;?ifcS5 2 3 nm. 3H&ff 1 0 0 nm) 

#feiTOF!»iSJl 2 5 n mTttC I Efegffigl ( x , 
y ) = ( 0 . 32, 0. 55). 50n mXU (0.3 
4, 0. 5 5) s 7 5nmt« (0. 3 6, 0. 5 5) 
fcSHfcU ffcfc*'*? r-/l^*litfBf±9 0Hl30n 
m£X'3zitLtl. 

[0044] mmm4 

m.TWMMZ 2 5 runt L. ff-«Sfc LT7OA4 0 
nm. >7A6 0 nm^Cl<7)JlpjC^SL7tflilli:|| 

mmi i:w\mzLxm?&imLti. zcomm—mmo 
mmmn 15. 3%x'h~?tz. & tiJEfmrnm/ftatm 
%mfrt>f$zmmtX'<?)yffi-&(*. = 5 1 7 n m ) «± 

0. 16AT*oit. ^JSfcLTfl^UfcffeftJIH 1 
*4 0mA/cm»O«iiSHIf«T5Bie$-^tc:^ > ?8 
3£2W2. 9 c d/AX'ffl£Ltz. 

[0 04 5] mmm5 



u \*y£#m%LxmmLtM±mMMi tm 

mizLxm^ZttWiLtz. ^-'XH4*.XMe*fLT0. 

[0046] ^{z±i l zm5-'t&mM®\*7z. bttm 

MFme&<T)$&£A'<? WMi?6ftt-;?jfcR5 4 Ofc 
7 0 n mCO 2 J&ftX'h 0 , *mmi*tl*tl0)J8. 
ftlZftLX 3 0 , 4 0 nmt&ofc. 
[0047] iiOA d fc LT#« Lfc^MaR^f * 4 0 m 

J*#<03fc*ifc*J J: tf f^#«?ttSJMS»tc J: r> x&ft 
U 2 5 n m-C'ii ( 0 . 3 6, 0 . 62), 5 0 nmt 
«i ( 0 . 38, 0. 61). 75n mtli ( 0 . 4 0, 
0.60) X'fo->tz. 

[0048] mme. mm\5 
memt LXTmz^-t** bttm ( h- i ) 
tm(G-i) srftn^-r^. i t iz£ *)W§ Lfcmm 
ii tmmztxmttimLiz. wm^xm; 
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MLXO. 5mS.%bLtz 
2m<0 t Ltz. 
[0049] 




H^C^ti j_ y N~C H ; 



H-1 



xhh (G-i) -e&o, -^«^#^DMF^4» 

iHii4 2nm"C*>o7to 

[0051] zcoxdiz Lxftm Ltizmm^z 4 0 m 

^«i^T<. Mh-^Mii6 18nm, fefttt ( 0 . 
62, 0. 37) B^Tl^o 
[0052] 
[^2] 




G-1 





(nm) 


(A =61 8nra) 


(cd/A) 


ttRtfy 5 


2 0 


0 . 1 2 A 


2 . 2 


Hisw 6 


7 0 


0 . 2 6 A 


4 . 2 



[00 531 11 

IfmmmzX-oXmZ 13 0 nm^I TO»i«^ 
Bf&ZtlfzITOtf^xmUZl 20X1 OOmm^ 

mn<vy* hvvfyy 4mz£->z 1 toji$9o 

:mh7>f 7°#c3l— 0 0//mh°7ft8 1 6 

[0054] ^<o^$tt^ v&ttfm& XTfnmikx* 
5x1 o^PatiT^^^tmuc, immmv 



[0055] fitnSn^fetc J: . tiP^jg^ffi^ffl? 
?ui/T—V* 1 5 nm. 0 nm^f 

izimt&xoizwMLfz* zcotmvo. 3mm%co 

PM5 4 6Sr»£UfcAl q 3 S:2 5nm|g*U 
[0056]M:, y^h'-7X^^lh 5 7f#fA,l 

S^-^LT. 4, 4' -t\X(2, 2' -y7x^ 
t*-/l/) y'7x^ (DPVB i ) £2 5 nmlfl 
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